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The EGF receptor has many roles in Drosophila devel-
opment. Specificity of distinct applications of this
pathway may come through the use of different mod-
ulators. The cell adhesion protein Echinoid is a newly
recognized inhibitor of the EGF receptor with some
interesting properties which suggest new ideas about
how the pathway is fine tuned.
The L1-type transmembrane protein Echinoid [1] is
essential for the proper spatial patterning of the
compound eye in the fruitfly Drosophila. Two recent
papers [2,3] report that, in echinoid mutant flies, the
primary defect is in patterning a specific cell type, the
R8 photoreceptor cell. During normal eye development
in Drosophila, a single R8 cell founds each ommatid-
ium, but in echinoid mutants ommatidia have clusters
of two or three R8 cells instead [2,3]. The effects of
losing Echinoid are dependent entirely on EGF receptor
activity [2], which is elevated in echinoid mutants [2,3].
In comparison to the many other developmental roles
of the EGF receptor, the defect in echinoid mutants is
quite specific, and much less extensive than the effect
of wholesale EGF receptor activation.
Spencer and Cagan [3] propose that Echinoid
participates in negative feedback regulation of EGF
receptor activity, because removing Echinoid prolongs
EGF-receptor-dependent MAP kinase phosphorylation
[3], and because the intracellular domain of Echinoid is
tyrosine phosphorylated in response to EGF receptor
activity [3]. The phosphorylation may well be direct, as
it does not occur after activation of downstream com-
ponents such as Ras1 [3]. Although the importance of
Echinoid phosphorylation has not been shown directly,
large experimental increases in echinoid transcription
do not affect EGF receptor signaling, suggesting that
Echinoid activity may depend on such post-transla-
tional mechanisms [3]. The proposal is that Echinoid
provides negative feedback control upstream of Ras1,
when phosphorylated in response to EGF receptor
activity [3].
Echinoid protein coimmunoprecipitates with the EGF
receptor, suggesting that Echinoid regulates EGF
receptor through forming a complex with it [3]. Echinoid
lacks the intracellular motifs that mediate endocytosis
in other L1-adhesion proteins, however, making the
mechanism by which the complex reduces EGF recep-
tor activity uncertain. Mutations in echinoid suppress
the effects of loss-of-function mutations in the gene
corkscrew [4], suggesting that Echinoid may act
through Corkscrew, an SH2-domain-containing protein
tyrosine phosphatase that acts positively in signal
transduction from multiple receptor tyrosine kinases [5].
Echinoid is reported to bind Corkscrew [3]; if Echinoid
indeed acts on Corkscrew directly, then it resembles a
class of molecules called signal regulatory proteins
(SIRPs) [6], which are known from vertebrates but
apparently absent from Drosophila [3]. Like Echinoid,
SIRPs contain multiple extracellular immunoglobulin
repeats and an intracellular domain with potential tyro-
sine phosphorylation sites [6]. Receptor tyrosine
kinases phosphorylate SIRPs, creating sites that
sequester Shp-2, the vertebrate homolog of Corkscrew,
and reduce signal transduction [6,7]. It is possible that
Echinoid functions like a Drosophila SIRP, even though
it is not a SIRP by the current sequence definition [3].
Echinoid differs from the negative regulators of EGF
receptor that are already known — Argos, Sprouty and
Kekkon 1 [8–10]. Although mutations in Argos, Sprouty
and Kekkon 1 hyperactivate the EGF receptor and lead
to exaggerations of EGF receptor’s normal functions,
including recruitment of various retinal cell types, they
do not affect R8-cell number [8–10]. The effect of
losing Echinoid shows unequivocally that excess EGF
receptor activity can also recruit additional R8 cells,
even though R8 is one of the few retinal cell types that
can be specified in the complete absence of the EGF
receptor [2,3]. This had already been shown from over-
expression experiments [11,12], but the fact that
Drosophila uses Echinoid to prevent this happening in
normal development demonstrates its physiological
relevance [2].
As Rawlins et al. [2] further point out, there is at
least one tissue in which EGF receptor normally does
something very similar by recruiting a cluster of neural
cells. During the development of chordotonal organs
(part of the peripheral nervous system), a primary
neural precursor is specified independently of EGF
receptor, but subsequently it uses local EGF receptor
activation to recruit several neighboring cells into a
small cluster of neurons [13,14]. It is possible that
Echinoid functions to make eye development different
from chordotonal organ development by short-circuit-
ing the second step, preventing recruitment of further
R8-like neurons [2]. 
Why should echinoid mutants be different from the
other negative regulators? One difference is in their
expression: whereas transcription of Argos, Sprouty
and Kekkon-1 are all induced by EGF receptor activ-
ity [8–10], Echinoid seems to be widely and uniformly
expressed regardless of the EGF receptor activity
level [1,3]. Unlike Argos, Sprouty and Kekkon-1, pre-
existing Echinoid might be able to modify EGF
receptor activity very rapidly, even before any tran-
scriptional response has occurred. Furthermore,
Echinoid appears to have effects on neighboring cells
[2], whereas Sprouty and Kekkon-1 act autonomously
and Argos shows long-range nonautonomy. This
suggests EGF receptor signaling could be influenced
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by different regulators depending on where and when
EGF receptor was last activated.
Very high levels of EGF receptor-dependent MAP
kinase activation are seen during the normal period of
R8 specification, but there is evidence that this MAP
kinase may not enter the nucleus [15]. Interestingly,
Corkscrew has been proposed to act as an adaptor
between the active MAP kinase and Dim-7, the
Drosophila homolog of Importin-7 [16]. In principle,
Echinoid might titrate Dim-7 away from MAP kinase by
sequestering Corkscrew, disfavouring nuclear import of
active MAP kinase, but then one would expect to see
nuclear MAP kinase in echinoid mutants. An alternative
is that Echinoid normally downregulates EGF receptor
activity before active MAP kinase is permitted to get
into the nucleus and recruit ectopic R8 cells.
Another question is how to explain why Echinoid is
so important during the period of R8 specification but
not during the many other occasions when EGF recep-
tor does signal through nuclear MAP kinase, and when
Argos, Sprouty and Kekkon-1 are important. There is
evidence that a second L1-type cell adhesion molecule,
Neuroglian, forms heterophilic complexes with Echinoid
and is required for Echinoid to antagonize EGF recep-
tor signaling [17]. Whether Neuroglian is involved in R8
cell specification has not been investigated but it at
least suggests that EGF receptor signaling could occur
in different regulatory environments depending on the
presence of Neuroglian or other adhesion molecules
interacting with Echinoid.
Could it be that this elaborate mechanism is present
just to prevent EGF receptor from recruiting a single
cell type in the developing retina, something that EGF
receptor does not do in normal development? As the
founder photoreceptor cells initiate retinal differentia-
tion, R8 cells have an important developmental role to
play in addition to their later physiological importance
when they express unique rhodopsins [18,19]. Before
we attribute R8 regulation as the whole raison d’etre
for this new pathway, it would be wise to note that the
Drosophila genome encodes an Echinoid paralog,
Friend of Echinoid (Fred) [20]. No null mutations of Fred
have been reported yet, but RNA interference (RNAi)
knockdown experiments suggest that Fred is involved
in the development of other parts of the peripheral
nervous system [20]. Early opinion is that Fred may
modify the Notch pathway, but the studies reviewed
here raise the possibility that this is secondary to
effects on a receptor tyrosine kinase, or that Echinoid
and Fred together have extensive shared roles affect-
ing multiple signaling systems, at which their individual
mutant phenotypes only hint. Keep an eye out for Echi-
noid and his friend(s); they may have a lot to tell us
about how core signaling pathways adapt to execute
different developmental roles.
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